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Digital subtraction left ventriculography using intrave-
nous contrast injection was evaluated as a screening di-
agnostic method for coronary heart disease. Intravenous
ventriculography was performed in 61 patients with 35
cc of contrast medium injected into a central vein (usu-
ally the inferior vena cava). Recognition of regional wall
motion abnormalities by this technique was shown to be
comparable with direct left ventriculography in 40 pa-
tients who underwent both imaging modalities at rest.
If the rest digital ventriculogram was normal, it was
repeated after incremental atrial pacing to the onset of
chest pain or to a maximal heart rate of 150 beats/min.
Forty-four of the 61 patients had significant coronary
The presence of significant coronary artery disease can be
reliably inferred from the presence of a rest or exercise-
inducedsegmental left ventricularwall motionabnormality.
This property has been used to advantage with echocardi-
ography and nuclear ventriculography, In the latter case,
the predictive value of this approach has been well estab-
lished by numerous studies (1-3). Recent advances in com-
puter technology allow contrast ventriculography to be per-
formed by means of venous injection of a contrast agent
(4- 6). An image of insufficient resolution can be enhanced
by rapid digitization and subtraction of background to yield
a ventriculogram of a quality approaching that obtained by
direct intraventricular injection (7,8). Identification or evo-
cation of regional wall motion abnormalities as documented
by this technique could be a useful alternative diagnostic
method in coronary disease.
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artery disease, of whom 10 had a wall motion abnor-
mality at rest on intravenous ventriculography. With
pacing, 28 of the 34 remaining patients developed a new
wall motion abnormality. Thus, 38 (86% ) of 44 patients
with coronary heart disease were identified by wall mo-
tion abnormalities. One of the 17 patients without coro-
nary artery disease had an abnormal rest study and was
incorrectly assigned a diagnosis of coronary disease.
Intravenous digital ventriculograms approximate those
obtained by direct ventriculography. When combined
with atrial pacing they are a sensitive and specific means
of detecting coronary artery disease.
This study evaluates digital ventriculography in two parts.
Initially, we validated our perception that a venous digital
ventriculogram closely approximates one obtained by direct
intraventricular injection.We then obtainedtwo venous ven-
triculograms on a series of patients with chest pain, one at
rest and one after thecontrolledstress of atrial pacing. These
were evaluated for accuracy in predicting the presence of
coronary artery disease.
Methods
Patients. We studied 61 consecutive patients undergo-
ing coronary angiography and left ventriculography as part
of the evaluation of chest pain. There were 51 men and 10
women with a mean age of 54.6 years (range 35 to 72).
Patients with valvular heart disease, severe cardiomyopathy
or atrial fibrillation were excluded. Three patients were ex-
cluded after entry becauseof technically inadequate studies.
Cardiac catheterization. Left and right heart catheter-
ization was performed from the femoral artery and vein
using the Seldinger technique. Patients were studied in the
postabsorptivestate withnitrates andcalciumblockingagents
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withheld for 12 hours except as required for complaints of
in-hospital chest pain. Direct left ventriculography was per-
formed in the 35° right anterior oblique projection in all
patients.
Coronary artery disease was judged to be present if there
was 75% or greater obstruction of luminal diameter of a
major vessel. This was seen in 44 patients. Seventeen pa-
tients had no significant coronary artery disease.
Acquisition of digital ventriculogram. Initial studies
were acquired using two central catheters inserted via the
femoral vein: a multihole angiographic catheter positioned
in the inferior vena cava and a pacing wire in the right
atrium. Subsequently, a dual purpose catheter was designed
with a 6 French lumen leading to six spiral side holes 10
to 15 em proximal to the tip and a solid core J curve tip
leading to bipolar electrodes for atrial pacing (USCI, C.R.
Bard, Inc.)
Images were obtained with a commercial digital sub-
traction processor (Philips Medical Systems, Inc.) in the
continuous mode. Radiologic factors included mA which
ranged from 50 to 200 and kV from 55 to 75. The patients
were asked to hold their breath for up to 15 seconds, thus
eliminating the excursion of the diaphragm and heart with
respiration. A single mask was then obtained (derived from
an average of four video frames, 256 x 512 matrix size,
30 frames/s) stored in digital form in "memory A," and
projected in analog form on a video monitor for visual
inspection. Next, 35 cc of contrast medium (Renografin-
76) was injected at 20 cc/s into the inferior vena cava. As
the contrast medium traversed the left ventricle (time of
arrival estimated by pulsed views), images were acquired
(again, 30 frames/s, 256 x 512 matrix), digitized, placed
in "memory B" and the mask subtracted. This subtracted
image was then logarithmically amplified (by magnification
8X) and reconverted to analog form for storage on a com-
mercial videotape recorder. All of the imaging and storage
occurred in real time. All images were acquired in the 35°
right anterior oblique projection with 5 to 10° of caudo-
cranial angulation.
Incremental atrial pacing was then performed at rates of
105, 120, 135 and 150 beats/min each for 2 minutes. Atro-
pine, 0.8 mg intravenously, was given when second degree
atrioventricular (AV) block developed. End points con-
sisted of anyone of the following: 1) typical anginal chest
pain, 2) completion of 2 minutes at the maximal pacing rate
(150 beats/min), 3) inability to capture the ventricle (in
which case, an additional 2 minutes of pacing were com-
pleted at the maximal rate of one to one capture).
When the end point was reached the patients held their
breath, a new mask was obtained and 35 cc of contrast agent
was again injected. Pacing was abruptly terminated as the
contrast agent traversed the right ventricle; therefore, the
left ventriculogram was obtained 2 to 3 beats after pacing
with the patient again in sinus rhythm.
Evaluation of ventriculograms. Direct and intravenous
digital ventriculograms were reviewed separately by paired
observers unaware of the patient's identity or diagnosis.
Ventriculograms obtained after pacing were reviewed with
the rest study to facilitate identification of changes in any
segment. Wall motion of three segments of the ventricle
(anterior, apical and inferior) was graded as follows:
3 = normal, 2 = mild hypokinesia, 1= moderate to severe
hypokinesia, 0 = akinesia and - 1= dyskinesia. A change
in score of at least two grades was considered to represent
a pacing-induced abnormality. Differences were adjudicated
by a third observer. Three additional digital studies were
judged not suitable for interpretation because of poor quality
due to technical error or patient motion artifact. Figure 1 is
an example of a normal rest digital study and Figure 2 is
an example of a study in a patient with anterior wall akinesia.
Results
Validation of techniques: interpretive variability. Di-
rect comparisons were made between traditional left ven-
tricular contrast injection cineangiograms and intravenous
digital left ventriculograms at rest in the first 40 patients.
Separate readers scored the two types of studies for normal
versus abnormal contractile pattern in the three ventricular
segments of each study. Complete concordance occurred in
39 (97%) of the 40 comparisons.
Inter- and intraobserver variability ofintravenous digital
ventriculography was then investigated by having two read-
ers independently score each of the three ventricular seg-
ments of 25 consecutive patierits on two separate occasions.
The readers were unaware of each others' and their own
previous scoring. The scale of + 3 to - 1, described pre-
viously, was employed. There was interobserver agreement
on a globally normal versus abnormal study in 24 (96%) of
25 studies. By individual segment and contractile grade, the
two observers were in complete accord for 65 (87%) of 75
segments. There was agreement within one grade in 74 of
75 segments.
Intraobserver agreement by segment and precise score
was 96% and 95% respectively, for the two readers. There
was no intraobserver variability on global interpretation of
normal versus abnormal ventricle.
Detection of coronary artery disease by atrial pac-
ing. The presence of a discrete segmental wall motion ab-
normality on the rest study was judged sufficient for the
diagnosis of coronary artery disease. If the rest study was
normal, the development of a segmental wall motion ab-
normality on the postpacing study was necessary to diagnose
the presence of coronary artery disease. Results are dis-
played in Figure 3. Sixteen of 17 patients without coronary
disease had normal rest and postpacing intravenous digital
ventriculograms. One patient, free of coronary disease, had
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a discrete apical aneurysm of unknown origin. This was
confi rmed by direct ventriculography.
Of the 44 patients with coronary artery disease . 10 had
known or suspected previous infarction and were correctly
assigned a diagnosis of coronary artery disease on the basis
of a segmental wall motion abnormality at rest. Of the
remaining 34 patients with significant coronary disease and
normal rest ventriculogram , 28 developed wall motion ab-
normalities with pacing. The six patients with coronary dis-
ease who failed to develop a wall motion abnormality con-
sisted of the following: two patients with single vessel disease
(one right coronary artery, one circumflex coronary artery);
three patients with two vessel disease (two left anterior
descending and right coronary artery, and one left anterior
descending and circumflex coronary artery); and one patient
Figure 1. Normal rest intravenous digital ventriculogram at end-
diastole (A), end-systole (B) and end-systole with end-diastolic
edge superimposed (C).
with three vessel disease. Thus, 38 of 44 patients with
coronaryartery disease weredetected by this technique. with
six false negative results (82% sensitivity) and one false
positive result (94% specificity).
Complications. There were no major complications with
the procedure. In three patients, brief runs of atrial fibril-
lation were induced during manipulation of the atrial pace-
maker wire. In all, conversion to normal sinus rhythm oc-
curred spontaneously. In one patient, contrast agent was
extravasated through a branch of the inferior vena cava; the
patient manifested no ill effects except for brief back dis-
comfort. This occurred with use of a straight angiographic
catheter with an end hole and only two side holes. Subse-
quent studies have all been with a multiplespirally arranged
side hole catheter constructed with an occluded tip.
Discussion
Digital subtraction imaging. It has been recognized for
decades (9) that arterial structures can be visualized by ve-
nous injection of contrast medium, if background structures
(those not containing contrast medium) are subtracted. This
process has beenof limitedclinical utility because it requires
large amounts of contrast medium (due to the loss of res-
olution inherent in analog-analog subtraction) and is time
consuming. Recent electronic developments have fostered
the use of subtraction angiography by allowing the rapid
processing of large amounts of digital or analog data (in-
cluding conversion of one data form to the other).
Digital subtraction X-ray imaging is a three step process.
First, each analog frame (image) generated by X ray is
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matrixed and each location in the matrix assigned a nu-
merical value that is proportional to the amount of X ray
penetrating at that point. Second, any two digitized images
are subtracted by the computer. Usually one digitized image
is obtained before the injection of contrast medium (the
mask) and is subtracted from each subsequent image con-
taining contrast medium. Third, the subtracted image is
converted back to analog form for viewing and storage on
conventional videotape equipment. Alternatively, the dig-
itized data could be stored in digital form. With computer
processing, all three steps take place in real time without
perceptible delay.
This process has already been shown to be clinically
useful for visualization ofrelatively stationary arterial struc-
tures (10). Digital imaging of the extracranial cerebral cir-
culation and the renal arteries through venous injection of
contrast medium is now routine. A structure that moves is
more difficult to visualize by this technique because one
loses the point to point correspondence between the mask
and any image acquired after motion. The heart moves with
Figure2. Abnormal rest intravenous digital ventriculogram with
anterior wall akinesia at end-diastole (A), end-systole (B) and end-
systole with end-diastolic edge superimposed (C). The catheter
used for both pacing and contrast injection can be seen curved in
the right atrium. In A, an artifact of subtraction gives the ap-
pearance of two catheters (one black, one white). The black image
is the position of the catheter in the "mask" (a systolic frame).
At the time of generation of A by subtraction (a diastolic frame)
the catheter has moved and appears white in its new position
because of its opacity. In Band C (systolic frames), the black and
white images lie next to each other. Although their positions are
almost fully superimposed, the catheter will never be fully sub-
tracted out of the picture, unless its position is identical to that in
the mask.
respiration and systole. Breath-holding eliminates respira-
tory motion, but limits the length of anyone study to the
patient's capacity to hold his or her breath. The motion of
the heart with systole is not a problem in ventriculography
(because study of the motion pattern is the objective), but
is a significant hurdle in imaging small moving arteries,
such as the coronary vessels, using venous injection.
Previous studies (7,8) have reported that adequate left
ventricular angiographic images can be obtained by intra-
Figure 3. Schematic showing the protocol followed for all 61
patients leading to a presumptive diagnosis. CAD = coronary
artery disease; LV = left ventricle.
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venous injections of contrast medium and digital enhance-
ment. Tobias et al. (8) evaluated 24 patients with both in-
travenous and direct left ventriculography; 6 patients had
wall motion abnormalities at rest. They found that the in-
travenous ventriculograms equaled or surpassed the quality
of the direct ventriculogram in all patients. Our results in
40 consecutive patients, 7 of whom had segmental abnor-
malities at rest, validate that intravenous digital ventricu-
lograms are equal to direct left ventriculograms for the eval-
uation of wall motion abnormalities.
Detection of coronary disease by atrial pacing ven-
triculography. Previous workers (11,12) have shown by
means of direct contrast ventriculography that myocardium
served by a critically stenotic coronary vessel contracts ab-
normally at rest or after exercise. With the advent of non-
invasive nuclear ventriculography, this property has become
a routine outpatient means of testing for latent coronary
disease, based on the studies of Borer et al. (I).
Digital subtraction ventriculography precludes physical
exercise as a means of inducing latent ischemia because of
the long breath-hold required (although gating techniques
may overcome that problem). A considerable body of pub-
lished data (13-15) suggests that atrial pacing is a com-
parable alternative to exercise as a means of inducing isch-
emia. Individual patients develop angina reproducibly at a
certain rate (13); the product of the atrial rate and systolic
blood pressure is roughly equal to the rate-pressure product
at the point of angina during exercise (14). It has also been
shown by direct contrast ventriculography that atrial pacing
induces ischemic wall motion abnormalities (15).
In this study, we have shown that the detection of a wall
motion abnormality with digital ventriculography either at
rest or evoked with atrial pacing is very specific and sensitive
for diagnosing coronary artery disease in a selected group
of patients referred for coronary angiography.
Advantages. Rest and pacing digital ventriculography
offers several advantages over direct or radionuclide ven-
triculography. Compared with direct ventriculography, the
technique is less invasive with no arterial puncture for in-
jection. The contrast agent mixes thoroughly with the blood
during the venous phase, and thus opacifies the entire left
ventricle without streaming (8). Catheter- or contrast injec-
tion-induced ventricular arrhythmia, often seen with direct
left ventriculography, is avoided with the intravenous digital
technique. Theoretically, lower doses of contrast medium
are possible. Unlike nuclear ventriculography, the hardware
is readily added to existing angiographic X-ray equipment;
no separate nuclear equipment is necessary. Atrial pacing
can be performed in patients unable to exercise (the elderly,
the handicapped and those markedly deconditioned or de-
bilitated). The stress of pacing is easily controlled and can
be quickly terminated.
Exercise nuclear ventriculography depends in part on the
detection of an exercise-induced decrease in ejection frac-
tion to make the diagnosis of coronary artery disease (1-3).
This has been shown to have good sensitivity but only fair
specificity (2). It has also been demonstrated that the de-
velopment of a new wall motion abnormality in response
to stress is very specific for ischemic heart disease, but has
a low sensitivity. Jones et al. (2) reviewed their experience
with first pass radionuclide ventriculography in 229 patients.
Diagnosis of coronary artery disease by wall motion criteria
alone had a sensitivity of only 53% with a specificity of
92%. The addition of an abnormal ejection fraction response
improved the sensitivity to 81%; however, the improvement
in sensitivity was at the expense of lowering the specificity
to 60%. The advantage of digital ventriculography is that
it has greater spatial resolution than nuclear ventriculogra-
phy (8). Thus, one could anticipate that improved detection
of wall motion abnormalities would yield improved sensi-
tivity, without incurring the loss of specificity encountered
when a decrease in ejection fraction is used to diagnose
coronary artery disease.
Limitations. The technique of intravenous digital sub-
traction ventriculography is very patient-dependent; any
movement or respiration markedly diminishes the quality
of a study. Although patients were trained to take a deep
breath and hold it throughout the study, three patients had
enough diaphragmatic movement to render the image
uninterpretable.
We did not evaluate the change in ejection fraction from
rest to atrial pacing exercise in this study. Although this has
been done from single plane ventriculograms, the errors in
single plane analysis are not resolved by digital enhancement
of the image. Improvement in software might permit an
accurate three-dimensional ejection fraction to be calculated
by densitometric technique.
Future considerations. Because this is a very new tech-
nique, improved equipment in the future should enhance
the quality of the studies. Larger core memories will enable
one to acquire multiple masks gated to the cardiac cycle
and perhaps to the respiratory cycle. The former will im-
prove resolution and the latter will obviate the need for
breath-holding, possibly allowing for physical exercise as
a means of inducing ischemia.
The processing of digitized images with improved soft-
ware is beginning to facilitate the interpretation of ventric-
ulography. Automated edge detection and calculations of
regional motion abnormalities are becoming available and
are likely to improve on subjective interpretations.
Conclusion. Images obtained by intravenous digital
subtraction ventriculography closely approximate those ob-
tained by direct intraventricular injection of contrast agent.
In conjunction with atrial pacing, the technique is a sensitive
and specific means of detecting coronary artery disease.
We thank Barbara Richardson. Valene Curran and Sharon Roberts for their
help In preparation of this manuscript.
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